Abstract: To assess the immunocytochemical and immunohistochemical correlation of adhesion (E-cadherin) and cell differentiation (involucrin) molecules in oral leukoplakia and oral squamous cell carcinoma. Cytological samples and biopsies were obtained from male and female patients aged over 30 years with oral leukoplakia (n = 30) and oral squamous cell carcinoma (n = 22). Cell scrapings and the biopsy were performed at the site of the lesion and histological slides were prepared for the immunocytochemical analysis of exfoliated oral mucosal cells and for the immunohistochemical analysis of biopsy tissues using E-cadherin and involucrin. Spearman's correlation and kappa coefficients were used to assess the correlation and level of agreement between the techniques. Immunostaining for E-cadherin and involucrin by both techniques was similar in the superficial layers of the histological sections compared with cell scrapings. However, there was no statistical correlation and agreement regarding the immunocytochemical and immunohistochemical expression of E-cadherin and involucrin in oral leukoplakia (R = 0.01, p = 0.958) (Kappa = 0.017, p = 0.92) or in oral squamous cell carcinoma (R = 0.26, p = 0.206) (Kappa = 0.36, p = 0.07). The immunoexpression of E-cadherin and involucrin in tissues is consistent with the expression patterns observed in exfoliated oral mucosal cells, despite the lack of a statistically significant correlation. There is an association of the histopathological characteristics of leukoplakia with the expression E-cadherin and of the microscopic aspects of oral squamous cell carcinoma with immunohistochemical expression of involucrin.
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Introduction
Oral cancer is a public health problem. According to the National Cancer Institute, 11,140 new cases in men and 4,350 new cases in women have been estimated for Brazil for 2016. Survival and mortality rates have remained high for the past 30 years. 1 Therefore, identification by biomarkers is necessary for the prevention of this disease in the general population. In several cases, cancer may be preceded by potentially malignant lesions, among which those the leukoplakia is highly prevalent and, therefore, of great clinical relevance. Even though it is not possible to predict the risk of malignancy of each leukoplakia, the presence of such lesions in the oral mucosa is a warning sign for patients and health professionals. 2 Noninvasive methods, such as cytopathology, have proved effective in the early detection of cell changes that are not clinically visible in patients exposed to risk factors and in potentially malignant lesions. 3, 4, 5, 6 However, to have a better understanding of the risk of malignancy of each lesion, the correlation of cytopathology with complementary techniques such as immunocytochemistry may improve the effectiveness of this screening process. The expression of markers associated with cell adhesion (e.g., E-cadherin) and with cell differentiation (e.g., involucrin) may help predict the risk of malignancy, as their functions are dysregulated during carcinogenesis. 7, 8 E-cadherin is a glycoprotein that mediates cell-cell adhesion and that has been investigated in oral carcinogenesis. Some studies have indicated a reduction in the immunohistochemical expression of this molecule in early stages and during the progression of oral cancer. 7, 8 Proteins involved in the terminal differentiation of keratinocytes, such as involucrin, have also been found to have a low expression in biopsy tissues in leukoplakia associated with epithelial dysplasia when compared with oral mucosal cells exposed or not to carcinogens. 9 The immunoexpression of these cell adhesion and differentiation markers has been investigated in different stages of carcinogenesis in biopsy tissues, but there are no studies on the expression of these proteins using cytopathological analysis of the oral mucosa. Hence, the aim of this study was to assess whether there exists a correlation between the immunocytochemical and immunohistochemical expression of E-cadherin and involucrin in oral mucosal cells of patients with oral leukoplakia and oral squamous cell carcinoma.
Methodology Sample selection
The patients included in this study were recruited from the Outpatient Clinics and Centers for Dental The sample included male and female patients aged over 30 years distributed into two groups: leukoplakia group (n = 30), with patients clinically diagnosed with oral leukoplakia, later confirmed by histopathological analysis; and the squamous cell carcinoma group (n = 22), with patients clinically diagnosed with primary oral squamous cell carcinoma confirmed by histopathological analysis. The following exclusion criterion was used: presence of other clinically visible oral lesions, except for squamous cell carcinoma and leukoplakia.
Sample collection
Cells from the oral mucosa at the site of the leukoplakia or squamous cell carcinoma were collected with a cytological brush (Cytobrush®). The cytological smear was transferred onto a glass slide and fixed in an ethanol spray solution. Prior to the cell scrapings, all patients were asked to take off their removable prostheses and to rinse their mouths with filtered water for 1 min.
After cell collection, the lesions (leukoplakia and squamous cell carcinoma) were biopsied. The collected material was fixed in 10% neutral buffered formalin and stained with hematoxylin and eosin at the Laboratory of Histopathology of the School of Dentistry at UFRGS for confirmation of the histopathological diagnosis.
Oral leukoplakias were subdivided into groups according to the absence or presence of dysplastic signs. The criteria used for the diagnosis of dysplasia were based on World Health Organization (WHO). Twelve architectural and cytological changes were investigated in the epithelial tissue and a minimum of four changes should be detected.
Immunocytochemical and Immunohistochemical technique
Both immunocytochemical and immunohistochemical samples were submitted to the same protocol described by Silva et al. 10 The oral smears were fixed in absolute alcohol solution and the histological sections of the paraffin blocks containing the biopsy specimens were previously deparaffinized in xylol. Both samples were processed for antigen retrieval, being immersed in a water bath at 95 ºC for 30 min. Endogenous peroxidase was blocked by incubation in 3% hydrogen peroxide. After washing, the sections were incubated with primary antibodies for E-cadherin (clone SY5, Abcam, Cambridge, UK) for 1 h and involucrin (clone 24E, cell signaling, Boston, USA), overnight. Peroxidase-linked secondary antibodies and chromogen incubation in diaminobenzidine tetrahydrochloride for 10 s for involucrin and for 5 min for E-cadherin (DAB; Envision HRP Kit, Dako Corp., Carpinteria, USA) were used to detect specific binding. The sections were counterstained with Harris hematoxylin, dehydrated, and mounted. A skin sample was used as positive control for both antibodies.
Data analysis
The slides were examined under a binocular light microscope coupled to a digital camera at 400X magnification. In the case of E-cadherin, positive cells were those whose membrane was stained whereas for involucrin, positive cells were those whose cytoplasm was stained. The immunocytochemical and immunohistochemical analyses of both molecules were semiquantitative and followed the criteria proposed by Lima et al. 11 The following scores were used: 0 = no 
Statistical analysis
The data were submitted to the SPSS software (Statistical Package for the Social Sciences) for the statistical analysis. Spearman's correlation test was used to determine the association between the immunocytochemical and immunohistochemical findings obtained for E-cadherin and involucrin. The kappa coefficient was used to assess the agreement of immunocytochemical and immunohistochemical findings. Statistical significance was set at 5% (p < 0.05).
Results
A total of 52 patients participated in the study (30 from the oral leukoplakia group and 22 from the oral squamous cell carcinoma group). Mean age was 57 years, with a range of 30 to 79 years. In the leukoplakia group, most patients were female while the opposite was observed in the squamous cell carcinoma group. Demographic and behavioral data are shown in Table 1 .
Oral leukoplakia was subdivided into groups according to the histological specimens: dysplastic leukoplakia (n = 7) and non-dysplastic leukoplakia (n = 23). Most of non-dysplastic leukoplakias were histopathologically diagnosed as hyperkeratosis (n = 8), epithelial hyperplasia and hyperkeratosis (n = 11), and hyperkeratosis and acanthosis (n = 4). The immunohistochemical analysis revealed that the immunostaining of the superficial oral mucosal layers exhibited the same expression pattern as that of exfoliated cells, yielding weakly positive results for both groups, as shown in Figure 1 .
The graphs presented in Figure 2 show the scores for the immunocytochemical and immunohistochemical analyses of E-cadherin and involucrin in the leukoplakia and squamous cell carcinoma groups. Tables 2 and 3 display the results for the correlation between the immunocytochemical and immunohistochemical techniques in the leukoplakia and squamous cell carcinoma groups, indicating nonstatistically significant agreement. 12 This is the first study to assess the expression of adhesion (E-cadherin) and cell differentiation (involucrin) markers in exfoliated oral mucosal cells from leukoplakia and squamous cell carcinoma lesions using immunocytochemistry. In addition, the findings of the immunocytochemical and immunohistochemical analyses were correlated by using these markers in patients with the lesions described above.
The demographic aspects of our sample showed a predilection for females in the leukoplakia group. This finding is in disagreement with those of other authors, who reported a higher prevalence among men, though sex distribution may vary according to the characteristics and population habits associated with risk factors. 13 In addition, individuals in the leukoplakia group had a higher consumption of tobacco than of alcohol, so we consider tobacco to be the main etiologic factor of leukoplakias in our sample, as previously described by other authors. 13, 14 Most individuals presented poor oral hygiene in both groups. The most common sites of lesions were the tongue and floor of the mouth, which are the locations mostly affected by oral squamous cell carcinoma. 13 Many authors have suggested that low E-cadherin immunoexpression could indicate tumor progression in leukoplakia. 7, 8, 15, 16 This finding is in line with Santos-García et al., 15 in which 20% of leukoplakias with epithelial dysplasia and 73% of carcinomas in situ and microinvasive carcinoma had poor E-cadherin expression. Our results corroborate those of previous studies, since we observed that the expression of E-cadherin is in agreement with the severity of epithelial changes observed in leukoplakia and dysplastic oral leukoplakia showed lower immunocytochemical expression of this molecule than non-dysplastic leukoplakia. This suggests that the immunocytochemical staining of E-cadherin can signal dysplastic events in leukoplakia.
The immunohistochemical expression of E-cadherin in the leukoplakia and squamous cell carcinoma groups revealed higher staining of this molecule in the intermediate and suprabasal layers of epithelial tissue and poor or no staining in more superficial layers, as observed in cell scrapings, which contained only superficial cells with poor immunostaining ( Figure 1AC) .
Regarding involucrin immunoexpression, most histological tissues expressed it in the most superficial layer (stratum corneum), as detected in oral mucosal smears ( Figure 1FH ). Involucrin is associated with terminal differentiation of epithelial cells, so it can display varying expression in leukoplakia, according to the degree of cell differentiation or cell atypia observed in each case. Involucrin expression in the leukoplakia group was observed in the whole epithelium, except in the superficial layer. However, other authors have found differences in involucrin expression in leukoplakias with higher severity of epithelial dysplasia. Dysplastic leukoplakia with mild to moderate dysplasias showed high involucrin expression (> 50% of positive cells), compared with leukoplakia with severe dysplasia, which showed lower expression of this marker (< 25% of positive cells). 17, 18 In our work, the histological grading of epithelial dysplasia was not performed due to the small sample size and moderate involucrin expression was observed in all leukoplakic lesions.
Our findings for the oral squamous cell carcinoma group showed immunohistochemical staining of involucrin only in the cells at the center of tumor islands, characterized by well-differentiated cells The qualitative analysis of E-cadherin and involucrin immunoexpression in both techniques was similar and coherent in the superficial layers of the histological sections compared with the cell scrapings, although no statistically significant correlation could be established between the immunocytochemical and immunohistochemical techniques.
Our analysis of exfoliated oral mucosal cells demonstrates that E-cadherin and involucrin immunoexpression occurs only in cells from the superficial epithelial layers in the final stage of maturation. The immunocytochemical technique does not allow assessing cells from deeper layers wherein these proteins could have a positive expression. This differs from the findings obtained for histological tissues in which it was possible to detect immunohistochemical expression of these proteins in all epithelial tissue layers. Accordingly, our findings indicate that there is an association of the histopathological characteristics of leukoplakia with E-cadherin expression and microscopic aspects of oral squamous cell carcinoma with immunohistochemical expression of involucrin. The correlation between the immunocytochemical and immunohistochemical expression of these proteins was not statistically significant in oral leukoplakia and oral squamous cell carcinomas; however, the qualitative analysis showed that the expression of these molecules in both techniques was coherent. Therefore, it is necessary to broaden the knowledge about the immunoexpression of other biomarkers expressed in superficial epithelial layers using immunocytochemistry in order to correlate it with their immunohistochemical expression in formalin-fixed and paraffin-embedded tissues.
